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ABSTRACT
Context. In-depth studies of exoplanetary atmospheres are starting to become reality. In order to unveil their properties in detail, we
need spectra with a higher signal-to-noise ratio (S/N) and also more sophisticated analysis methods.
Aims. With high-resolution spectrographs, we can not only detect the sodium feature in the atmosphere of exoplanets, but also charac-
terize it by studying its line profile. After finding a clearly w-shaped sodium line-profile in the transmission spectrum of HD 189733b,
we investigated the possible sources of contamination given by the star and tried to correct for these spurious deformations.
Methods. By analyzing the single transmission spectra of HD 189733b in the wavelength space, we show that the main sodium signal
that causes the absorption in the transmission spectrum is centered on the stellar rest frame. We concentrate on two main stellar effects
that contaminate the exoplanetary transmission spectrum: center-to-limb variations (CLVs), and stellar rotation. We show the effects
on the line profile: while we correct for the CLV using simulated theoretical stellar spectra, we provide a new method, based directly
on observational data, to correct for the Rossiter-McLaughlin contribution to the line profile of the retrieved transmission spectrum.
Results. We apply the corrections to the spectra of HD 189733b. Our analysis shows line profiles of the Na D lines in the transmission
spectrum that are narrower than reported previously. The correction of the sodiumD2 line, which is deeper than the D1 line, is probably
still incomplete since the planetary radius is larger at this wavelength. A careful detrending from spurious stellar effects followed by an
inspection in the velocity space is mandatory when studying the line profile of atmospheric features in the high-resolution transmission
spectrum of exoplanets. Since the line profile is used to retrieve atmospheric properties, the resulting atmospheric parameters could
be incorrectly estimated when the stellar contamination is not corrected for. Data with higher S/N coupled with improved atmospheric
models will allow us to adapt the magnitude of the corrections of stellar effects in an iterative way.
Key words. planetary systems – techniques: spectroscopic – planets and satellites: atmospheres
1. Introduction
Our knowledge of exoplanetary atmospheres has been grow-
ing exponentially in the past years as we pass from an era
of exoplanet detection to an era of exoplanet characterization.
We are able to study the atmospheres of transiting and non-
transiting exoplanets, provided that they orbit stars that are bright
enough (see, e.g., Crossfield 2015; Madhusudhan et al. 2016;
Deming & Seager 2017), but transiting planets provide more in-
vestigation possibilities by far. When a planet transits, however,
one effect has to be considered: the symmetry of the stellar disk
emission is broken. If the star rotates, the symmetry is broken at
the radial velocity (RV) of the area that is obscured by the orbital
trajectory of the planet along the stellar disk. As a consequence,
the profile of the stellar lines is modified, as is the measured RV
of the star; this effect (the Rossiter-McLaughlin effect, RM) can
give insights into the inclination angle between the planetary or-
bital plane and the stellar rotational axis.
If a transiting exoplanet atmosphere hosts atomic or molec-
ular species, the apparent radius of the planet will be larger
at the specific wavelength of the spectral signatures of these
species (Seager & Sasselov 2000; Brown 2001). The resulting
wavelength-dependent depth of the transit is the transmission
spectrum of the exoplanet. With high-resolution spectrographs,
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we can directly detect atomic features in the atmosphere of ex-
oplanets. Sodium and potassium are among the most interest-
ing elements because their cross sections are large. Because
it is in the wavelength range of most optical spectrographs,
sodium is most frequently studied. The first ground-based de-
tection of sodium in a transmission spectrum was reported by
Redfield et al. (2008). Recently, Wyttenbach et al. (2015, here-
afterW15) showed that sodium can not only be detected, but also
characterized with the help of the high resolution of HARPS.
At a resolving power of R∼100,000, it is possible to investi-
gate high-altitude zones of exoplanetary atmospheres with lower
pressures. Studying the line profile of the planetary sodium ab-
sorption, we can constrain many aspects of its atmosphere (e.g.,
Heng et al. 2015; Pino et al. 2018).
When transmission spectra are reconstructed in the rest
frame of the planet, the assumption of considering the RM to
be symmetric and to cancel out is no longer valid. It adds a
spurious signal of stellar origin to the transmission spectrum,
even with a perfect phase coverage (Louden & Wheatley 2015;
Brogi et al. 2016). Center-to-limb variations (CLVs) of strong
stellar lines can also introduce spurious signals of stellar origin
that are due to planetary occultation of different parts of the stel-
lar disk (Czesla et al. 2015; Khalafinejad et al. 2017; Yan et al.
2017).
Using the same dataset and the same analysis method as
W15, Barnes et al. (2016) showed that the absorption is not re-
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Table 1. Stellar and transit parameters adopted in this work.
Parameter Value Reference
HD 189733
Stellar parameters
T [K] 4875 ± 43 Boyajian et al. (2015)
log g 4.56 ± 0.03 Boyajian et al. (2015)
Fe/H −0.03 ± 0.08 Torres et al. (2008)
Transit parameters
Period [days] 2.21857312 Triaud et al. (2009)
T0 [BJD] 2453988.80339 Triaud et al. (2009)
Rp/Rs 0.1581 Triaud et al. (2009)
Rs/a 0.1142 Triaud et al. (2009)
e 0.0 assumed
i [degrees] 85.508 Triaud et al. (2009)
covered for the sodium line alone, but also for H-α and CaII.
These elements are not expected to be present in the atmosphere
of the exoplanet. The authors also found evidence that the ab-
sorption is best recovered in the stellar rest frame, which chal-
lenges the detection of the planetary atmosphere and suggests
that stellar activity might be a possible cause of the detection.
Wyttenbach et al. (2017, hereafterW17) detected sodium ab-
sorption in WASP-49b using the same technique as presented
in W15: this time, they took into account possible sources of
contamination. They studied a non-active star and analyzed the
possible influence of the RM (which was not detected in the
data). Casasayas-Barris et al. (2017) also identified sodium ab-
sorption in WASP-69b with the same method, and also intro-
duced the correction for telluric sodium using the second fiber
of the HARPS-N spectrograph.
In this paper we analyze the effect that CLVs and RM have
on the retrieved line profile of the Na D lines in the transmission
spectrum of exoplanets, focusing on HD 189733b.We show that
a detrending of these effects is fundamental in order to retrieve
correct exoplanetary atmospheric parameters, in particular in the
context of new-generation spectrographs, such as ESPRESSO.
2. Data sample
We analyzed the HARPS datasets of three transits of
HD 189733b as presented in W15, as this planet allows us to
use spectra with high signal-to-noise ratio (S/N). We refer to that
paper for observations logs, number of exposures, and exposure
times for each transit. Table 1 lists the stellar and orbital param-
eters we used in this work for the analysis of HD 189733b.
3. Data analysis
We describe in this section the main procedures we used to ex-
tract the planetary transmission spectrum and to correct it for
the stellar contamination. We focused on the sodium signal, and
in particular, on the Na D1-D2 lines (5895.92 and 5889.95 Å,
respectively).
3.1. Transmission spectroscopy
We performed transmission spectroscopy following the method
of W15, which we briefly recall here. Since HARPS is a highly
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Fig. 1. Sodium lines in the transmission spectrum of HD 189733b with-
out correction for stellar effects. In red we overplot the binned spectrum,
which shows the w-shaped profile of the sodium lines for illustration
purposes.
stabilized spectrograph, we can consider any instrumental wave-
length drift negligible. The following steps were performed in-
dependently for each transit. First we shifted the spectra to the
null stellar radial velocity rest frame (i.e., at the velocity of the
transit center) using a Keplerian model of the system. Then we
normalized each spectrum by dividing by the average flux com-
puted in the intervals 5868.5-5871.0 and 5910.8-5911.3 Å close
to the sodium D lines.
The problem of correcting telluric lines, especially in the
core of strong stellar lines, has been a debated issue (e.g.,
Hrudková & Harmanec 2005; Hadrava 2006). Using the out-
of-transit spectra alone (except for night 2, as in W15), we
built a telluric reference spectrum T (λ) by means of a lin-
ear correlation between the logarithm of the normalized flux
and the airmass (Snellen et al. 2008; Vidal-Madjar et al. 2010;
Astudillo-Defru & Rojo 2013). Using the scaling relation be-
tween airmass and telluric line strength, we rescaled all the spec-
tra as if they had been observed at the airmass corresponding
to that at the transit center. Since both the telluric and stellar
rest frames during each analyzed transit observation move in the
same direction and their variations are by far lower than the in-
strumental resolution, we performed the telluric correction in the
stellar rest frame. In this way, we limited the number of interpo-
lations. As a check, we divided the spectra by the exponential
of the constant term of the linear regression (i.e., the normalized
star) and performed it again in the telluric reference frame ob-
taining the same T (λ) and the same final results. Applying this
method of telluric correction, we note that in correspondence
of the sodium lines (and in general in correspondence of strong
stellar lines because of the low S/N), the telluric reference spec-
trum T (λ) presents some spurious features. Analyzing this effect
in detail is beyond the scope of this work. We note that it might
lead to possible shifts in wavelength of the signals when analyz-
ing the final transmission spectrum line profiles as Gaussian fits,
if the noise presents some random peaks that through the telluric
correction might be propagated throughout the analysis.
We then created a master stellar spectrum Mstar by averaging
all the out-of-transit spectra, and divided all the single spectra by
this Mstar to create the residual spectra S res. To overcome intra-
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Fig. 2. (left) Single residual spectra around the sodium D lines of HD 189733b aligned in the stellar reference frame. (right) Same as in the left
panel, but aligned in the planetary rest frame. The main contribution, at least in terms of noise, is stationary in the stellar reference frame and
moving in the planetary one. Different colors correspond to different transits.
night atmospheric instabilities, we also performed the secondary
telluric correction on the S res spectra to remove possible resid-
uals, with a linear fit between T (λ) and the spectra. After this,
every S res was shifted for the theoretical planetary RV and for
the systemic velocity of the system, that is to say, we placed
the spectra in the planetary reference frame. Here we expect to
detect the exoplanetary atmospheric signal centered at the labo-
ratory wavelengths of the sodium doublet. All the in-transit S res
can then be summed to create the average transmission spectrum
for each single transit.
We noted a peculiar w-shaped line-profile of the Na D
lines in the averaged transmission spectrum of the three tran-
sits (Fig. 1), therefore we searched for the possible causes of this
distortion (see next sections). Instead of concentrating only on
the sum of the in-transit spectra, we also analyzed the tomogra-
phy of the residual sodium signal in a similar way as was done in
Barnes et al. (2016). We find evidence that the main contribution
to the sodium feature in the transmission spectrum, at least in
terms of noise, is centered on the stellar reference frame (Fig. 2).
This might be obvious, since the noise is higher at the center of
strong stellar lines, but looking more deeply, an absorption sig-
nal behind the noise that is still centered on the stellar reference
frame is also evident (as was claimed by Barnes et al. 2016), and
it appears during the transit (Fig. 3).
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Fig. 3. Same as Fig. 2, binned in wavelength and shown in tomography
in the planetary rest frame. An absorption is present during the transit,
whose limits are marked with dashed lines.
3.2. Center-to-limb variations
The stellar flux is not uniform across the stellar disk. This non-
uniformity, dependent on the wavelength, is usually described by
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the limb-darkening parameters when analyzing planetary tran-
sits. Each stellar line shows a variation in its profile from the
center to the limb of the stellar disk, and strong lines can show
quite significant variations (e.g., Czesla et al. 2015).
Khalafinejad et al. (2017) analyzed the CLV effect on the
sodium of HD 189733b in terms of the different limb-darkening
coefficients between the continuum and the line cores, using the
formalism of Mandel & Agol (2002) with different coefficients
to model the transit light curve. We modeled the CLV effect in
the same way as presented in Yan et al. (2017, hereafter Y17).
The stellar spectra are created using the tool Spectroscopy
Made Easy (SME, Piskunov & Valenti 2017), using theMARCS
(Gustafsson et al. 2008) stellar atmosphere model and the line
list from the VALD database (Ryabchikova et al. 2015). We sim-
ulated one spectrum for each of the 21 different µ values consid-
ered (µ = cos θ, with θ the angle between the normal to the stellar
surface and the considered line of sight), using the values of Ta-
ble 1 for the stellar parameters. For the sake of uniformity with
Y17, we modeled the star as a grid with a radius of 101 points,
corresponding to bins of 0.01 Rstar. We assigned a spectrum to
each point by interpolating between the µ values for which they
were simulated using quadratic interpolation. Then we modeled
the transit of the planet, calculating a stellar spectrum for each
orbital phase as the average of the non-obscured simulated spec-
tra.
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Fig. 4. CLV effect for HD 189733 over an entire transit when shifted in
the planetary rest frame. A w-shaped trace is given for each stellar line.
For strong stellar lines, such as the sodium D-lines, a spurious absorp-
tion is also created, acting in the same way as a planetary atmospheric
signal.
Y17 used this method too to correct the sodium transit light
curve of HD 189733b. We first verified that using their stellar
and orbital parameters, we could obtain their same results after
the CLV correction (planetary absorption depths within 1σ error
bars). Then we studied the CLV modification of the line profiles
in the transmission spectrum. The CLV produces a stellar con-
tribution that contaminates the signal of the exoplanetary atmo-
sphere. Furthermore, we report that in the planetary rest frame,
we detect a w-shaped distortion of the line profile that is caused
by the CLV (Fig. 4). The w-shape occurs because the CLV ef-
fect contributes more to the transit phases in which the signal is
blueshifted and redshifted (ingress and egress), and the impact is
lower close to mid-transit time. The CLV contribution was cal-
culated using models of the stellar atmosphere. Consequently,
approximations of the stellar atmospheric structure may imply a
non-perfect modeling of the CLV effect. For more accurate re-
sults, 3D star models are required (also pointed out by Y17), in
particular because this effect is more prominent at the edge of
the star.
3.3. Transmission CCF
Stellar rotation indeed modifies the line profiles during the tran-
sit of a planet, and it has effects on the retrieval of the trans-
mission spectrum. This has been noted by Louden & Wheatley
(2015). They simulated this effect for HD 189733b, showing that
it causes a w-shaped distortion in the transmission spectrum. A
similar simulation was also presented in Casasayas-Barris et al.
(2017). W17 presented an in-depth analysis of the non-influence
of this effect on the transmission spectrum of WASP-49b be-
cause the VsinI of the star is not detected: to reach this con-
clusion, they studied the transmission cross-correlation function
(CCF). The CCF is provided by the HARPS DRS pipeline and is
obtained by comparing the stellar spectrum with a weighted line
mask model (Pepe et al. 2002). Roughly speaking, it reproduces
the behavior of the average profile of the stellar lines.
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Fig. 5. Consequence of the RM on the sodium D2 line when shifted
in the planetary rest frame for the transit of night 3. Black line: global
effect on the whole transit. Gray lines: effect on each single spectrum.
We introduce here a new method to correct for the rotational
effect. Unlike the correction for the CLV, which was derived
from a model, this correction is obtained directly from the obser-
vational data. Like in W17, we also took advantage of the CCF:
studying it instead of the single line-profile allows us to provide
a correction that is of higher quality. We studied the behavior of
the CCF profile during the transit by analyzing the residual trans-
mission CCFs, which are the normalized CCFs shifted in the
stellar rest frame and divided by the average normalized out-of-
transit CCF. We then rescaled these residual CCFs for the line-
depth ratio between the average normalized out-of-transit CCF
and the average out-of-transit line-profile of the line of interest
(i.e., the Na D2-D1 lines in our case) in the stellar rest frame,
switched from wavelength- to velocity-space. When shifting all
these rescaled transmission CCFs in the reference frame of the
planet, we note that in their sum another w-shaped profile is evi-
dent (Fig. 5), which arises because the planet obscures a rotating
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star (e.g., a consequence of the RM) with an angle of inclination
close to λ=0. We then divided the line of interest in the resid-
ual transmission spectra for the relative rescaled transmission
CCF, converted in the wavelength-space. In this way, we cor-
rected each single transmission spectrum for this effect for the
sodium D1 and D2 lines.
The quality of the correction depends on the quality and on
the temporal extension of the data: a good coverage of the out-of-
transit phase ensures a higher S/N on the average out-of-transit
CCF. We also point out that this correction is an approximation:
the CCF is a mean line-profile that covers all wavelength ranges
of the spectrograph. The magnitude of the perfect correction will
instead also depend on the wavelength if the apparent radius of
the planet is dependent on it, as is the case here. This correction
thus can account only for the white-light radius of the planet (see
further discussion of this in Sect. 5).
4. HD 189733b
We show here the detrending of the effects CLV and RM from
the line profile of the sodium D1 and D2 lines of the transmis-
sion spectrum of HD 189733b. Fig. 6 shows an example of the
corrections applied to a single transmission spectrum for the D2
line. The line profile of the sodium D2 and D1 lines in the global
average transmission spectrum of HD 189733b, before and after
the corrections, is shown in Fig. 7. While the D1 line after the
correction loses the w-shaped profile, this happens only partially
for the profile of the D2 line. We discuss possible causes of this
in Sect 5.
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Fig. 6. Example of a single transmission spectrum of HD 189733b,
zoomed on the sodium D2 line, with the corrections of CLV and RM
overimposed. The RM correction in particular looks underestimated, as
discussed in Sect. 5.
We also show in Fig. 8 the transmission light curve calcu-
lated in bands of 0.75 Angstrom centered on the sodium doublet
in the planetary rest frame. This has previously been corrected
for the CLV effect in the literature (see Sect. 1), but not for the
RM.
5. Discussion
The main contributions in the raw transmission spectrum of
HD 189733b, before any correction for stellar effects, are cen-
tered on the stellar rest frame (Fig. 2). At first glance, this might
be thought to be due to noise, because the core of deep lines such
as the sodium Na D lines is by far more noisy than the contin-
uum. There is also clear evidence of absorption during the transit
in the stellar rest frame, however (Fig. 3).
We removed CLV and RM effects in the exoplanetary trans-
mission spectrum of HD 189733b, that is, in the resolved profile
of the sodium D1 and D2 lines. The correction for the CLV ef-
fect was made starting from stellar models, while to remove the
rotational effect, we started from real data using the CCFs. In
our method, we correct every single spectrum for the stellar ef-
fects, not only the summed transmission spectrum. For the case
of HD 189733b, the main spurious contribution given by the stel-
lar effects in the retrieved line profiles is clearly the contribution
by stellar rotation (see Fig. 6 for an example). The correction for
the CLV effect is by far less important in the line profile. How-
ever, we note that this is specific for the star analyzed. Beyond
the planet-to-star radius ratio, the magnitude of the CLV effect
depends on the stellar temperature (Y17), and that of the RM on
the VsinI of the star. After removing these two stellar contribu-
tions, the line profile of the D1 line no longer shows a w-shaped
distortion (Fig. 7). For the D2 line, however, this distortion is still
present. The absorption of the D2 line has often been found to
be much larger than the one of the D1 (e.g., Huitson et al. 2012;
Khalafinejad et al. 2017; Casasayas-Barris et al. 2017). We hy-
pothesize that the non-cancellation of the w-shape is due to a
non-perfect correction for the stellar effects. The CLV and RM
corrections are both proportional to the planet-to-star radius ra-
tio. If for a particular wavelength this is greater than the average
one, as expected for the D2 line in the case we analyzed, the cor-
rection to be applied should be more important. The magnitude
of this overcorrection is not known a priori, however. We argue
that for data with a higher S/N than currently available (S/N ≥ 3
for each single residual spectrum), coupling the spectra with at-
mospheric models could allow us to adapt the magnitude of the
corrections to the data in an iterative way.
In the transmission light curve centered on the sodium dou-
blet, in contrast to what happens for the line profiles, the stel-
lar contribution is higher for the CLV than for the rotation (see
Fig. 8 for a 0.75 Angstrom bandpass). The reason is that in the
transmission light curve we integrate over a wide range of wave-
lengths. For the case of HD 189733b, the effects of RM are cen-
tered very closely to the center of the line, while for the CLV
they are weaker in magnitude but persistent in a much greater
wavelength range.
We note that after applying the corrections, the transit dura-
tion centered on the sodium D lines with 0.75 Angstrom band-
passes is shorter than the planetary transit in the transmission
light curve (Fig. 8). One possible interpretation of this effect is
an imperfect correction for the stellar contribution. Fig. 9 shows
that it is easy to understand that narrowing the bandwidth of the
integration centered on the sodium line will cause a shorter tran-
sit duration if the main absorption is not centered on the plane-
tary, but on the stellar rest frame.
We further investigated the RV system on which the main ab-
sorption is centered by examining the transmission spectrum of
each half of the transit (Fig. 10). We analyzed the sodiumD2 line
because the S/N for the D1 line is not sufficient. Its absorption
is clearly redshifted or blueshifted, depending on which half of
the transit is considered. We also tried to verify the rest frame of
the sodium D2 absorption by dividing the transit into four parts
and binning the resulting transmission spectra by a factor 20.
Because of the low S/N, and thus the impossibility to perform a
Gaussian fit, we considered as reference the wavelength bin of
Article number, page 5 of 8
A&A proofs: manuscript no. sodio_language_edited_arXiv
5885 5890 5895 5900
Wavelength [Angstrom]
0.985
0.990
0.995
1.000
1.005
N
o
rm
a
li
z
e
d
 f
lu
x
transmission spectrum
corrected transmission spectrum
corrected transmission spectrum - binned
transmission spectrum - binned
Fig. 7. Atmospheric sodium line profiles of HD 189733b in the planetary rest frame before and after the correction for stellar effects. The corrected
profiles are narrower. The w-shaped profile disappears after the corrections for the D1 line, while it remains for the deeper D2 line. Vertical dashed
lines represent the rest frame of the sodium D lines.
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Fig. 8. Transmission light curve of HD 189733b in the planetary rest frame from the three transits, centered on the sodium D2 and D1 lines
(averaged), with bandpasses of 0.75 Angstrom. Vertical dashed lines represent the beginning, middle, and end of the transit based on ephemerides.
(left) Before the corrections for stellar effects, which are overimposed. (right) After the correction for CLV and RM related effects.
maximum absorption for each of the four transmission spectra. Fig. 11 clearly shows that the velocity of the main absorption
signal matches the stellar rest frame.
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Fig. 9. Tomography of the corrected sodium D2 line absorption. Hor-
izontal dashed lines represent the phases of transit ingress and egress.
Vertical lines represent a 0.5 Angstrom passband centered on the D2
line: the transit inside this passband is shorter than the transit from
ephemerides because the main signal is still in the stellar rest frame.
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Fig. 10. Transmission spectrum of the sodium D2 line, as calculated
in the first (h1) and second half (h2) of the transit. The two absorption
excesses are redshifted and blueshifted with respect to the planetary rest
frame, respectively. The vertical dashed line shows the sodium D2 rest
frame.
6. Conclusions
We presented a method to mitigate the stellar contribution in the
high-resolution transmission spectrum of exoplanets. The stel-
lar effects taken into account are the stellar rotation (RM) and
the CLV, which both contaminate the exoplanetary transmission
spectrum. While for the CLV we used stellar models, we pro-
posed a correction for the RM that is based directly on observa-
tional data.
We applied these corrections to the transmission spectrum
of HD 189733b because the S/N of the available in-transit high-
resolution spectroscopy is the highest of the known exoplanets.
The retrieved profiles of the sodium Na D lines become nar-
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Fig. 11. Velocity of the maximum absorption of the sodium D2 line
in the planetary rest frame as it varies during the transit. Error bars are
taken as the width of the bin (0.2 Angstrom). The rest frame of the
planet (blue line) and the rest frame of the star (red line) are overplotted.
rower: we note that a less broadened line-profile would also bet-
ter agree with theoretical models (e.g., Pino et al. 2018). We
stress that our correction works for an average planetary radius:
for wavelengths where the radius is expected to be larger, this
is currently not sufficient to retrieve the correct absorption line
profiles.
We provided further evidence that without any correction for
the stellar effects, the absorption signal in the planetary transmis-
sion spectrum is centered on the stellar rest frame. We do note
that there is still a residual contribution in the stellar reference
frame even after the corrections (Fig. 9), at least for the sodium
D2 line (the S/N is too low in the D1 line to perform the same
tests). We stress the importance of verifying the corrections of
RM and CLV in velocity space: any imperfect correction, which
will be relevant in the final transmission spectrum, will then be
evident. This star is also very active (e.g., Boisse et al. 2009):
any out-of-transit average spectrum can therefore not be com-
pletely representative of the status of the star, and this can in-
fluence the retrieval of the transmission spectra and of the trans-
mission CCF. While the effect of CLV on the line profile is not
so important for HD 189733b, it could be more relevant for
other planets, in particular those orbiting M-type stars because
the magnitude of the CLV depends on the stellar temperature.
The line profiles retrieved in the transmission spectrum are
used to derive the properties of the exoplanetary atmospheres:
a clear separation of planetary and stellar contribution is indis-
pensable to correctly characterize exoplanets. To better under-
stand the stellar contamination and to correct the retrieved line
profiles in the transmission spectra of exoplanets, spectra with
a high S/N are fundamental. High-resolution stabilized spec-
trographs on larger telescopes such as ESPRESSO (Pepe et al.
2014) or the project HIRES (Marconi et al. 2016) will certainly
help, but this is another reason for continuing the hunt for new
exoplanets that transit bright stars with dedicated ground- (e.g.,
NGTS; Wheatley et al. 2013) and space-based (e.g., PLATO;
Rauer et al. 2014) surveys.
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